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Ab&act-Two tricyclic dihydrobcnzofuran cannabinoids. cannabiclsoic acids A (4a) and B (5~) were 
isolated from hashish. Their ~truct~rcs were elucidated by chemical transformations and from spectral 
data. Cannabiclsoic acid A was synthesized from cannabididic acid by an oxidative cyclization in the 
presence of air under irradiation. or with manganese dioxide. 

Most of the natural cannabinoids can be extracted 
from cannabis products (hashish, marihuana etc) 
with petroleum ether. Hence a considerable amount 
of work has been devoted to chemical and phar- 
macological investigations of this extract.’ Some 
years ago we noted that extraction with benzene of 
the solid residue of the petroleum ether treatment 
gave a solution, which though pharmacologically 
inactive, contained compound(s) which on gas 
chromatography had the same retention time as the 
active A’-THC. Hence we undertook an investiga- 
tion of this benzene-extractable fraction.’ 

Chromatography of this fraction on silica gel 
showed that it consisted mainly of the known’ can- 
nabidiolic (la) cannabigerolic and (t) and A’-THC 
A (3.a) acids and a small amount of a mixture of 
additional acids which was further separated and 
purified by preparative thick layer chromatography. 
Cannabielsoic acid A (4s) and B @a)+ thus isolated 
represented 0.08% and and 0.04% of the content of 
hashish. A more facik method of isolation was 
found to be by column chromatography of the 
mono methyl esters 4t~ and Sb. 

Cannabielsoic acid A methyl ester (4b), an oil, 
has a molecular weight of 388 m/e which differs by 
16 mass units from that of cannabidiolic acid 
methyl ester (lb) or A’-THC acid methyl ester (3c) 
(372 m/e) i.e. it represents a more highly oxyge- 
nated cannabinoid. The NMR spectrum of 4b 
indicates the presence of only a terminal methylene 

tithe cannabie&oic group of compounds is thus named 
in memory of the late Miss Else Boyanova. who isolated 
these compounds from cannabis. 

group and one vinylic methyl group [as compared 
to a terminal methylene group and an olefinic pro- 
ton, as well as two vinylic Me groups in can- 
nabidiolic acid methyl ester (lb)]. It also posscs- 
ses only one OH group which can be acetylated. a 
Me group (which can lx assumed to be a to 
oxygen) at 6. 144 and a proton (presumably a to 
oxygen) which appears as a doublet at 4.12. A 
further proton signal (a double-doublet) appears at 
3-38. We attribute this signal to the C-3 proton. 
Irradiation at 3-38 collapses the signal at 4.12 to a 
singlet; irradiation at 4-12 collapses the signal at 
3.38 to a doublet. These double resonance experi- 
ments indicate that the protons with signals at 3-38 
and 4.12 are on adjacent carbons. The OH group is 
H- bonded, as evidence by its very low field signal 
(at 11.28). The most plausible structure (except for 
stereochemistry) which fits the above data is 4b. 

The crystalline cannabielsic acid B, methyl ester 
(Sb). m.p. 5860” has the same molecular weight as 
4b and an almost identical NMR spectrum. How- 
ever, the proton signal of the acetylable OH group 
appears at 5-75. We interpret this difference as 
indicating that in 4Jr the carbomethoxyl group is 
adjacent and H- bonded to the phenolic OH, while 
in Sb it is adjacent to the ether-k oxygen. This is 
supported by IR data. In 4a the CO of the carboxyl 
group is at 1630 cm’ ’ while in 5a it is at 1725 cm ‘; in 
4b it is at 166Ocm-’ while in Sb it is at 1720cm ‘. 
The same phenomenon has been observed’ in the 
IR spectra of THC acids A (3s) and B (3b). In the 
former (3a) the carboxyl group CO absorbs at 
l615cm-’ whik in the later (3b) it is at 1710cm ‘. 
We have suggested that in 3b there is loss of 
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2a: R-COOH &*, 
b: R = COOCH, 

. . 
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Watwnlly occuring furans such as balfourdine.’ vap- 
inol.’ -sin,’ columbianctine.’ mamca compounds’ 
and others are probably formed in Nature by this 
pathway. Brown et of.” have reported biosynrhctic data 
(conversion of umbcllifcrone into marmcsin) which is in 
accudance with this suggestion. They have proposed a 
pnthway which assumes the formalion of epoxy inter- 
mediates However, the possibility of existence of radical 
intermediates rather than epoxy orn3 has not been elimi- 
nated. In view of the facile synthesis oio radical inter- 
mediates of & from Ia (see rext). inluitively. we prefer a 
radical bi~enctic route. 

coplanarity of the CO fgroup and the aromatic ring 
due to steric hindrance i.e., the JR absorption of the 
CO group is only slightly inJluenced by the aromatic 
conjugation. In 3a this effect is minimized 
apparently by H-bonding with the free phenolic 
group. We now suggest that the same relationships 
govern the JR spectral properties of the two 
cannabielsoic acids 4a and Sa The UV spectra of 
these two acids also differ: In 4a there is a peak at 
269rnp (c, 8720), while in 5s it is at 257mr (c 
4850). Not surprisingly a similar shift is observed’ 
in the THC acids: 26Omp (c, 7900) in 3a; 250 rnp (t, 
3210) in 3h. 

Structures 4 and 5 are based on the assumption 
that the cannabielsoic acids possess a normal can- 
nabinoid skekton, being biogentically derived from 
cannabidiolic acid (la). A dihydrofuran ring 
(formed by ring closure of one of the phenolic 
groups of la with the C-2 carbon of the terpene 
moiety) and a tertiary hydroxyl group at C-l easily 
explain all the novel spectral features.* 

The isolation of the cannabielsoic acids is 
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tedious. Hence, in order to fully establish the 
proposed structures and provide sufIicient material 
for further investigations. we decided to synthesize 
this novel group of compounds. Fortuitously we 
were simultaneously engaged in an investigation of 
irradiations under various conditions of can- 
nabidiolic acid (la). Our interest in these reactions 
stemmed from our previous” photochemical inves- 
tigation of cannabidiol (1~). which led to A’-THC 
(&I) in addition to other novel and unexpected 
compounds.* Some of the products obtained from 
the irradiation of la were shown to be of a different 
type than those obtained from lc and ultimately led 
to a facile synthesis of cannabielsoic acids. The 
best conditions found for this reaction were irradia- 
tion of la in cyclohexane, with oxygen being bub- 
bled throughout the reaction. Two different routes 
were followed for the isolation and identification of 
the products: 

(i) The mixture obtained was reduced with 
sodium bisulphite. On preparative TLC two isom- 
ers were isolated: cannabielsoic acid A. 4s (17%). 
identified by direct comparison with an authentic 
sample. and I-iso-cannabielsoic acid, 6s (16%) m.p. 
162-5”. 

(ii) The hydroperoxides in the reaction mixture 
were not reduced; however. in order to achieve a 
more facile separation the mixture was esterified 
with diazomethane. On preparative TLC eight com- 
pounds were isolated, seven of which were iden- 
tified: A’-iso-THC acid. methyl ester (7a) the dehyd- 
rated cannabielsoic acid methyl ester derivative 8. 
the methyl ester of the starting material (lb). the 
peroxides 9 and 10, cannabielsoic acid methyl ester 
(4b) and I -iso-cannabielsoic acid methyl ester (6b). 

We base our structural assignments on the fol- 
lowing data: 

Dehydration of cannabielsoic acid methyl ester (4b) 
with thionyl chloride gave essentially one product 
(8). while the isomer 6&r yielded a complicated mix- 
ture from which in addition to a small amount of 8 
we were able to isolate a fraction, which on the 
basis of its NMR spectrum, was shown to be a 
mixture of compounds 1 la and 1 lb. We interpret 
these dehydration experiments as indicating that 
the I-hydroxyl group in 4b is axial while in 6b il is 

*In a thesis.” the conversion on irradiation of can- 
nabidiolic acid diacetate (I) into A’-THC (Ii) is reported. 
This unusual reaction which involves S separate steps 
could no4 be repxduced in our laboratory. 

equatorial. It has been demonstrated by Barton et 
al.” that a tertiary, axial hydroxyl group a to a 
methyl group gives mainly an endocyclic olefin 
whik the equatorial isomer produces a mixture 
containing the exocyclic olefin. 

The above assignment is supported by NMR 
data. The two isomers, 4a and 6a, have almost 
identical spectral properties. However. the axial 
C,-H in 4s (in which the C, OH group is axial) is at 6 
3.38. while in 60’ (in which the C, OH group is 
equatorial and the C, Me group is axial) is at 3.30. 
The deshielding influence of an axial hydroxyl 
group on an axial proton on a y carbon has been 
assumed to be stronger than that of an axial methyl 
group.” 

The synthetic correlation with cannabidiolic acid 
defines the relative and absolute stereochemistry of 
4b and 6b at the chiral centers C, and C,. The 
hydrogens on C: and C, are cis. This is deduced 
from the fact that radical or ionic processes which 
form related tricyclic dihydrobenzofuran systems 
(cf Pumerer’s ketone)” give the more stable cis- 
compounds.‘“This is also supported by the coupling 
constants (ca S6 Hz) observed in all compounds of 
the cannabielsoic series. These values arc in 
accordance with the coupling constants recorded 
for cis protons on adjacent carbon atoms in 
dihydrobenzofuran systems.“ By contrast in 
dihydrobenzofurans in which the corresponding 
protons are trans the coupling constants are co 
2-3.3 Hz.“ 

Compounds 9 and 10 are peroxides. They give a 
positive potassium iodide-starch test. Their 
molecular weights (mass spectra) are higher by 16 
mass units than those of the methyl esters of the 
cannabielsoic acids. Treatment with sodium bisul- 
phite reduced peroxide 9 into cannabielsoic acid A 
methyl ester (4b) and reduced 10 into 6b. The same 
reduction is achieved by heating or by irradiation. 

Compound 7s has a molecular weight (372 m/e) 
equivalent to that of the methyl ester of the starting 
material (lb). II differs from lb in the NMR spec- 
trum: 7a shows only one olefinic Me group and two 
(rather than three) olefinic protons. This spectrum 
is closely related to that of A’-iso-THC (7b).” The 
formation of 7a on irradiation of cannabidiolic acid 
was expected as WC have reported that irradiation 
of cannabidiol (lc) produced 7b.” 

As the above described dehydration experiments 
are important for the elucidation of the 
stereochemistry at C, of the cannabielsoic acids we 
investigated paraIlel reactions in the dihydro series. 
Reduction of cannabielsoic acid methyl ester (4b) 
gave 12 which on dehydration with thionyl chloride 
in pyridine gave essentially one compound (13). By 
contrast 14 (the reduction product of 6b) in which 
the tertiary OH group is equatorial, on dehydration 
under identical conditions gave a complicated mix- 
ture. Two products were obtained: compound 13 
and a mixture of 1Sa and 1Sb. These experiments 
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are fully compatible with the stereochemical as- 
signments put forward in this paper (see above). 

A further correlation with a totally synthetic pro- 
duct was achieved as follows: Cannabielsoic acid A 
Ma) was decarboxylated in a rather poor yield by 
distillation under reduced pressure. The decarboxy- 
lated product (16) was reduced to 17 and dchyd- 
rated to 18. The same compound (18) was obtained 
from the known” ofvctyl-pinene (19) by boiling in 

I9 

ethanol (in the presence of silver nitrate) or by 
irradiation. Free radical reactions on pinenes are 
known to cause opening of the cyclobutane ring.= 

It is of interest that recently” compound 16 has 
been isolated on pyrolysis of cannabidiol (1~). from 
which it is formed by oxidative cyclization. A 
number of related reactions in other areas of 
organic chemistry have been described in the 
literature.e.” 
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The synthetic potential of the oxidative cycliza- manganese dioxide. or more probably it reactivates 
tion described in this paper led us to investigate this the oxidant (present in excess). Active manganese 
reaction in some detail. The following points were dioxide is well known” for its tendency to 
examined (for details see Experimental): deteriorate. 

(a) Oxygen. On exclusion of oxygen from the 
irradiation vessel (by repeated vacuum evacuation 
of a frozen and then thawed solution of la in 
alcohol or cyclohexane) no reaction was observed. 
Apparently oxygen is an absolute requirement for 
the reaction. 

The above results indicate that the oxidative cyc- 
lization described in this paper is not solely a 
photochemical reaction, as assumed in our prclimi- 
nary communication.’ but a free radical one. 

(b) Light. Comparison of the changes taking 
place in solutions of la under intense sunlight, or 
under diffuse light (on a laboratory bench) and 
under the same conditions but protected from light. 
shows that the reaction takes place (after a month) 
only in the presence of light. Irradiation does not 
cause decarboxylation of the starting material or 
the products. 

(g) Reaction kinetics. First order kinetics as 
regards la are followed on irradiation of la in 
cyclohexane. oxygen being bubbled throughout the 
reaction. This was determined by the decrease in 
concentration of the starting material (la), the 
concentration of the second reactant (oxygen) 
being constant. 

(c) Heat. Irradiation at IZ” or 30” gave the same 
products. and in the same amounts. However, heat- 
ing (without irradiation) at I)o” causes decarboxyla- 
tion, the rate of which is increased at higher temp- 
eraturcs. 

The reaction rate in the presence of IO’?? isop- 
ropanol in the solvent (cyclohexane) is ca 7 times 
faster than in its absence (specific rate constants, 
k=3.0xlO’sec’ and k-4.0xlO”scc’ respec- 
tively). It is possible that an isopropanol radical is 
formed first: then it serves as an efficient radical 
propagator. 

(d) Singlet oxygen. The presence of singlet ox- 
ygen (generated according to Foot)” instead of light 
does not transform la into 4b, 6b, 9 or 10 under the 
reaction conditions employed. 

(e) Reactivity of connabidiolic acid mefhyl esfer 
(lb). This compound reacts essentially in the same 
way as the free acid (la); The yields are, however, 
different (Table). 

The oxidative cyclization of la to 4a and 6a 
probably takes place as shown in the Scheme. A 
radical initiator is assumed to produce a phenox- 
ide radical which adds to the A’ double bond. and 
causes formation of a radical on C,. The termina- 
tion of the process is apparently best achieved 
(under our experimental conditions) by the addition 
of ground state oxygen to the C, radical to form 9 
and 10 which are reduced to 40 and 6s. 

(f) A radical initiator-manganese dioxide.” 
Boiling lb in chloroform with manganese dioxide’” 
gives the same compounds as those obtained on 
irradiation, except that no hydroperoxides arc 
formed (Table). When oxygen was bubbled prior to 
the reaction both the yields and rate of reaction 
were improved. It is plausible that either the 
oxygen reoxidizes the reduced manganese com- 
pound (MnO?) formed in the reaction back to 

An alternative mechanism, based on a possible 
“ene” type addition” of oxygen to the A’ double 
bond is excluded because, (a) singlet oxygen does 
not lead to the same compound (as the described 
above) and (b) the formation of fwo C, isomers 
would not be expected from the stereospecific addi- 
tion generally observed” in this type of reaction. 

We have not investigated in depth the scope of 
the oxidative-cyclization reaction described above. 

Tabk. Reaction of cannabididic acid (la) and its methyl ester (lb) on irradiation and wiIh manganese dioxide 

Starting 
material RcagmI’ 

ReacIion 
time 

thl SolvenI 

Products t%l’ 
Starting CompHlndr CornPounds Compounds 
material 7a.at x lb&9 6b&lO 

la 

lb 

lb 
lb 
lb 
lb 
lb 
4b 
6b 

UVIO, I60 

lJV/O: 160 

- 45 
MnOJO, I 
MnO, 5 
MnO, 25 
MnO, II 
MnO, 13 
MnO, I3 

cycle 
hcxane 
cycle- 
hcxane 
CHCl, 
CHCI, 
CHCI, 
CHCI, 
CHCI, 
CHClr 
CHCL 

9 II I7 I6 

9 4.u 34 25.5 

80 
IrSceS 
50 
IO 
20 
95% 
95% 

4 
3I 
24 
45’ 
I(Y 
- 
- 

traces 
20 

6 
Q 

21 
- 
- 

hCCS 

I4 
4’ 
5’ 

I6 
- 
- 

‘The irradiation experiments were performed a( room tcmpcra~ure; rhe rest--on boihng. ‘Determined by 
lsolarion on preparaIive TLC (after esterification in case of la); ‘Compound X (30%). 7a (4%). 8 (4%). ‘X (32%). 7a 
(6%). 8 (7%): ‘Only 4b presenr; ‘Only 6b prescnl: ‘7a (1.5%). 8 (1.5%:). X (7%). 
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which were separated by a further chromatography on 
Fkrisil (6000). 

Compound 4b (1.6 0) was elutcd with 1096 ether in light 
petroleum; Sb (I.1 g) was elutcd with 50% ether in light 
petmkum. Further purifkatimt was accomplished by 
preparative TLC (elution with 30% ether in light pct- 
rokum). the ester B being consideraMy more polar than 
ester A. Carusablclsoic acid A methyl csfcr (4b) was 
obtained as an oil, mol. w&&It (mass q9u3Nrn). 388; 
[U lb;“‘1 7 183”: v(CCL) 1660.975 cm ‘; NMR (CDCI,) (6) 
0.90 (I. 3H, ~erminai Me). 144 (s. 3H. C,-Me). I.83 ts, 3H. 
C.-Me). 2.85 (2H. bcnzylic). 3.38 (dd. I,., - 5.2. I = 
9.0 Hz. C,-H). 3.88 (s. 3H. COCXZH,),4.12 (1H. d. J - 5.2. 
G-H). 4.52. 460 (C=CH,), 6.25 Worn H). Il.28 (OH. 
exchanngeabk with DO,. 

Cannabicboic acid 8, methyl ester (5b) was crystaltizcd 
from light petroleum. m.p. W; [aJY”) + 25”; v(CCL) 
35lW. l72Ocm ‘; NMR (CDCI,) (8): 0499. 146. I.80 (MC 
groups), 2.72 (2H. t). 3.29 (IH. dd. Jr., =,6.0. I,, = 10 Hz. 
G-H). 3t?It (3H. J, COOCH,,. 4.1 I (IH. d. J L 6 Hz. 
C,H), 542 (2H. s. C-CH,). 5.75 (IH. exchanpeabk with 
D,O. OH). 6.28 (IH. aromatic-H). mass spcct~m-388 

(M’. 20%). 370 (M-KC). 3%). 358 (10%). 275 K0%). 263 
(IO@%). 231 (40%). 205 (20%). 

Hydmlysix of the methyl esters of connabiclsoic acids A 
Wb) and R (SW 

Thees1erA4b(l3Om@wasstirredfor20hwi1hasoln 
of KOH (220 mg) in Me-OH (8 ml) and Hz0 (2 ml). fol- 
lowed by boiling for 4 h. The sdn was acidifkd (dit HCl) 
and extracted with CHCl, (3 x I5 ml) to give 4a (80 mg). 
(80 mg). identical by IR. NMR and TLC to authentic ma- 
terial isolated from hashish. 

The ester B Sb (75 ntg) under the same experimental 
conditions gave a mixture of starting material (31 mg) and 
the free acid Sa (8 ntg). When the rcflux of 30 mg of ester 
Sb was continued for 23 h only the acid (7rng) was 
isolated. 

Irradiation of cannobidiolic acid 
A sdn of la ( I. I g) in cyclohexane (165 ml) stirred with 

a magnetic stirrer and a stream of OI (30-40 bubbkslmin) 
was irradiated for I60 h with a Q8l-Hanau lamp through a 
quartz or a Pyrex filter with Rose bengal as sensitizer. The 
irradiated mixture was coded with cold water f&12?. Tkr 
reaction was monitored by GLC and the possibility of 
decarboxylation was checked by reacting aliquots with 
diazomethane and comparison by TLC with authentic 
samples of lb and lc. The solvent was evaporated under 
reduced pressure a1 -5”. The residue was checked for 
peroxides by dissolving abquots in light petroleum and 
adding 3-t drops of a soln of Kl(50 mg) in H,O (I ml) and 
excess of starch and mixing well. A deep viole1 color 
developed immcdia1ely. At this stage 2 different routes 
were followed: 

(i) Reduction and separation of acids. The residue 
was dissolved in CHCI,~(IO ml) and the soln was shaken 
for 5 min with a NaHSO, soln (2 u in 50 ml H,O). The a4 

phase was extracted with CH& (2 x 500) and I& 
combined organic phase was washed with H,O. The 
residue now gave a nc9ative test to KI-starch. The mixture 
was separated by preparative TLC telution mixture: bcn- 
zenc. M&H. AcOH in a ratio of 91: 7: 2). The silica gel 
was extracted with CHCL and MeOH. The least polar 
compcnmd was slartinp material; the two more polar 
compounds were cannabielsoic acid A (4a) and its C-l 
isomer @a). Cannabklsoic acid A (4a) was identified by 

direct comparison with an autitic sample. I- 
fsoc4AnJt&rlsoic (6). mp. 162-r Wtloroforn+light pet- 
rokum); AZ” 224.270.302 rnw fc 256@. 102%. 4270: 
vKHCI.) 1630. 1250. 895cm”: NMR (CDCL) Id): 092. 
I+0 I.S3(Megrou,j. 2% (2H. t). 3.3OilH.dd.;,, = 5.2. 

I,, = IO.0 Hz. C.-H). 4.30 (IH. d. J - 5.2 Hz. GH). 4.52. 
4.62 (2H. C--CH,). 6.34 (IH, aromatic). 7.20 (2H. b. 
exchange&k with DO). II.22 (IH. exchanaeabk DO). 
Mass spectrum: 374.3566.3300.247.205. (Found: C: 70.60; 
H. 7.91. C,H,,O, requires: C. 70.58; H. 8.0296). 

(ii) Scparotion of esters. The residue was dissolved in 
dry ether (100 ml) and an ether soln of CH,N, wns slowly 
poured in until the typical yellow color of CH,N, pcr- 
sistcd. After standing 5 min at room temp the solvent was 
evaporated and the residue was separa1cd on preparative 
TLC plates, (20% ether in light pctrokum 3 successive 
runs). The silica gel was ex~rwtcd wi1h ether (3 x 25 ml). 
Six distinct fractions were obtained with R, values of 
0.93. 0%. 0.52. 0.39. 0.32 and 0.23. The leasf polar 
fraction (R 0.93) (120 mg) was negative in the Kl-s1arch 
test. It was further separated into 3 components (in the 
ratio of 4: 1 : 2) by preparative TIC (light pclroleum 6 
successive runs): 

t I) ~g-Iso-trtrahydrocannabinolic acid. mefhyl ester 
(7a). R, 0.61; mol. weight (mass spectrum). 372; AZ” 222 
(c. 18600). 273 (c. Il4C0). 304 mp tc. 4650); v(CCL) 1630. 
8Wcm ‘; NMR (CCL) (6): 0.91 (t. 3H). 1.30. I90 (Me 
group). 2.80 (2H. 1). 3.55 (I. C-H). 3.89 (s. COOCH,). 4.85 
(2H. C==CH,), 6.09 (IH. arom). 

(2) 7%~ &hydrated cannabiclsoic acid methyl cstcr dc- 
ritxatiw 8. R, O.SJ3, mol. weight (mass spectrum) 370; 
AZ” 222 tc. 21000). 230 (c. 19500). 276 (c. 12000). 300 mp 
(sh) (c. 5100); v(CCL) 1635. 85Wcm ‘; NMR (CDCI,) (6): 
090 (I. 3H. terminal Me) 1.82. I90 (both s. 3H. definic 
Me), 244 (2H. knzylic). 340 (dd. IH, G-H). 3.88 (s. 3H. 
COOCH,). 4..50, 4.60 (C=CHzI), 4.75 td. IH. J = 7 Hz, 
C-H). 5.80 tb. IH. C.-H), 6.22 (IH. arom). 1140 (OH. 
exchangcablc with DO). 

(3) A compound. whose structure is unlrnown (com- 
pound X). R, 0.53. mol. weight (mass spectrum) 372; A:? 
222mu. tc. 16950). 231 tc. IWO). 237 tc. 15Mo). 277 (c. 
10300). 301 rnp tsh) (c. 4100): &CL) 1650. 1275cm ‘: 
NMR (CCL) (6): 09-1.00 (IZH. 4 mrrhyls). 2.15 (IH). 
2.85 (b. 2H). 3.85 (IH. dd. J = 6.0. J 7 IO.5 Hr.). 3.88 
(CODCH,). 4.85 (IH. d. J = IO.5 Hz). 6.11 (IH. arom). 
I I .29 (IH. exchangeable D,O). This compound gives a 
monoacetate. 

(4) The fracfion wifh R, 0436. IOOmg (negative Kl- 
starch test) was shown to be the methyl ester of the 
starting material (direct comparison of IR and NMR 
spectra). 

(5) Tote fracfion wifh R, 0.52 (88 tng) showed a positive 
W-starch test. It was idcn1ificd as the hydropcroxide 9. 
mol. weight (mass spectrum) 404 (very weak), 388 
(4ocl6); [a)‘n’*‘* + 167; AZ 221. 227. 232. 274. 303 mp 
(c, 19200. 18330. 168500. lC030. W); v(CCL) 165% 12tW. 
8fA3. 835 cm ’ (GO vibration): NMR (CCL) (6): 092 (1. 
3H). I46 (s. 3H. C-Me). I.78 (s. 3H. C.-Me). 2.85 (2H. 
bcnzylic). 3.30 (dd. IH. C,-H) 3.88 (s. 3H. COOCH,). 
4.3CU.60 (3H. RICH, and C,H). 6.17 (1H. arom). 8.05. 
I I.3 (2H. OOH and OH. exchangcabk with D,O). 

(6) 77~ fraction with R, 0.39 Wt mg) also showed a 
positive KLstarch test. It was identifkd as the hyd- 
roperoxld4 10. mol. weight (mass spectrum) 404 (very 
weak). 388 (404-16): [agK’, + 193”; AZ:” 222. 227. 232. 
273.303 rnw tc. 19250. l&XX 16160.103M. 4040): v(CCL) 
1650. 1275, 895. 845 cm ’ (CM) vibration); NMR (CCL) 
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(6): 0.9 (I. 3H. terminal Me). I.41 (s. 3H. C,-Me). I.79 (s, 
3H. C.-Me). 2.77 (2H. bcnzylic). 3.18 tdd. 1H). C,-H). 
3% ts. 3H. COXXH,). 4.364.63 (3H. C=XH, and C-H). 
6.17 (IH. arom). 8.36. I I.27 (2H. OOH and OH. exchange- 
abk with D:O). 

(7) The fraction u+th R, 0.32 (lo11 mg) was negative in 
the KI-starch test. II was identified as 66. the C, isomer of 
4b. the methyl ester of the natural cannabielsoic acid A; 
mol. weight (mass spectrum) 388; [acm’** l61p; v(CCL) 
1650. 1275. R92 cm ‘; NMR (CDCI,) 0.91 (I. 3H. terminal 
Me). I.35 (s. 3H. C,-Me). I.82 (s. 3H. C.-Me). 2.88 (2H. 
bcnzylic). 3.30 (IH. dd. I:., - 5.5. J,.. - 10 Hz. C,-H), 390 
ts. 3H. COOCH,), 4.27 (IH. d. J = 5.5Hz. C:-H), 4.55. 
464 CC-C&). 6.28 (IH. arom). I I.30 (OH. exchangeable 
with DO). 

(8) The fraction with R, 0.23 (99 mg) was also negative 
in the KI-starch test. It was shown to be identical (IR. 
TIC. NMR) with the methyl ester of cannabielsoic acid A 
Glb). la Ii, + 161” (apparently not very pure). Compound 4b 
Rives a monoacetate (4c) which was purified by prepara- 
tivc TLC tether: light petroleum. I : I). v(CCL) l775,1700. 
9OOcm ‘: NMR (CCL). (8) 0.9. 1.28. 1.70. 2.10 (4CH, 
groups). 2.62 (2H). 3.15 tdd. I,, - 5.2; I,.. = 9.X Hz. 
C,-H); 3.75 (s. 3H. COOCH,); 3.95 td. I,., 7 S.2 Hz.. 
C,H). 4.50. 4.65 (2H. C==CH,). 6.47 (IH. arom). 

Conversion of peroxide 9 IO cunnabielsoic acid Me ester 
(4b) 

This reduction was performed in 3 ways: 

(i) Treatment with NaHSO, as described above (see 
“Irradiation of cannabidiolic acid”). 

(ii) Hcatinp 9 (40 mg) in CCL for 2 h gave 36 mg 4b. 
(iii) Irradiation of 9 (8 mg) in I ml cyclohexane in a test 

tube attached to the well of an irradiation vessel for 7 h 
gave 7 mg 4b. In all cases identity was established by 
TIC. IR and NMR. 

Usinn the same procedures the vroxidc IO was con- 
verted into 6b. 

Cannabiclsoic acid methyl e5tcr (4b) and 6b remained 
unchanged on heating cw irradiation under the above con- 
ditions. 

&hydration of connobielsoic acid methyl ester t4b) and 
I - iso -connabie/soic acid methyl esfer Mb) 

Compound 46 (31 mg) was dissolved in pyridine (I ml) 
and the soln was cooled in an ICC bath. Thionyl chloride 
(0.1 ml) was added. The mixture was poured into ice- 
water (IO ml) after I min and extracted with ether. The 
organic layer was washed with NaHCO, aq. dried over 
Na,SO. and evaporated. The oily residue was purified on 
preparative TIC (5% ether in hght petroleum) to give 
IS mg of 8. 

Ikhydration of 6b (27 mg) under the same conditions. 
or for I5 min. gave a mixture. which was partially scpa- 
rated by preparative TLC (5% in petroleum ether). After 3 
successive runs two materials were isolated; the less polar 
fraction (R, 0.73) (IO mp) is apparently a mixture of the 
isomers I la and I lb (in an approximate ratio of I : 3) on 
the basis of its NMR spectrum: GtCCL). 090 (terminal 
Me). 1.70. 1.85. 190 (okfinic Me). 2.80 (bcnzylic H). 
3.lti3.m (C,-H in lib) 348. 3.90 (COOCfjd. 3.85 (C,-H 
in II&. 4.65. 4.80 (C=C& in lla and Ilb. and C:-H in 
I lb). 5.35 (C, methylene in I lb). 6, I8 carom in 1 la) 6.70 
(arom in Ila) 6.70 carom in Ilb). 11.25. I I.65 (in ratio of 
3: I. cxchangeabk with D,O). 

The more polar fraction (R, 0.65) (7 mp) was shown to 
be identical (IR and NMR) with 8 obtained from the 
&hydration of 4b as described above. 

Catalytic reduction and dehyration of cannoblelsoic 
acid methyl ester (6) 

A soln of 4b (50 mg) in EtOH (5 ml) was hydrogenated 
with Adam’s catalyst. One equiv d H, was absorbed in 
ti min. The catalyst was filtered, the solvent was evapo- 
rated. The material obtained. dihydroconnablekoic acid. 
merhyl ester (12) was purified by preparative TLC (5% 
ether in light pctrokum) to give an oil, NMR (CDCI,). 6. 
0.9 t3H). 0.95 (6H. d) I.43 (3H. C,-Me), 2.85 (2H. 
bcnzylic). 3.22 (IH. dd. Jr, = 5.2. I,. = IO.5 Hz. C,-H). 
3% t3H. COOCH,). 4.1 I (IH. d. J = 5.2 Hr. C,H). 6.29 
(IH. .arom,. II60 ioH). 

This material (Mmg) was dehydrated as described 
above. TLC data indicated that essentially one comyx,und 
only was obtaiocd. It was purified by preparative TLC 
(3O?G ether in light petroleum). The compound 13 obtained 
was an oil. v(CCL) 1655. I285 cm ‘; NMR (CDCI,). 6 0.9 
t3H). 0.W (6H. d) I.88 ts. detinic CH,). 2.84 tbcnzylic 
2H). 3.23 (IH. dd. I,., = 7.0. I,. = I I Hz. C,-H). 3% (3H. 
COOCH,). 4.74 (IH. d. J = 7Hz. C-H). 5.81 tlH. b. 
oktinic). 6.24 (aromatic H). I I.65 (OH). 

Cafolytic reduction and dehydration of I-iso- 
cannobidsoic acid methyl ester (6b) 

A soln of 6b (105 mg) was hydrogenated as described 
above. The compound (95 tng) obtained. dlhydro-iso- 
connabielrolc acid (14) showed one spot on TLC. It is an 
oil, vtCCL) 1655. 1265 cm-‘: NMR (CDCI,). 6 0.87 t3H). 
OS9 (6H. d). I.?R (3H. C,-Me), 2.6s3.20 (3H. mull.. 
benzylic and C-H). 390 (3H. COOCH,). 4.20 (IH. d. 
J = 5 Hz. G-H). 6.24 (IH. arom). I I.50 (OH). Without 
further purification 4Omg of 14 were dehydrated with 
thionyl chloride in pytidine as described above. The 
product (32 mg) exhibited numerous spots on TLC 
analysis. It was purified by preparative TLC (5% ether in 
light petroleum). Only two products were obtained in 
fairly pure form (TIC data only). The more polar one 
(7 mg. R, 0.60) was shown to bc identical CTLC. IR. NMR) 
with 13 obtained as sole product of the reduction and 
dehydration of 4b. The less polar product (9 tn@ (R, 0.67) 
is assumed to be a mixture of Ik and l!Us (in a ratio of 
3: I). It is an oil. d 0.9 (terminal CH,). I.0 (6H. isopropyl), 
I.70 t3H. oletinic CH,). 26&3X@ (2H. bcnzylic and C-H 
in ISb). 3.6&3&l (C,-H in IS@. 390 (3H. COOCHi, in 
Isa). 3.93 (3H. COOCH, in ISb) 4.85 (C,-H in I!&). 540 
(C, methykne in Isb). 6.25 (arom H in 1Sa). 6.UO (arom H 
in 15b). I I.%. 12.05 (in a ratio of 3: I. exchangeabk with 
D,O); mol. weight (mass spectrum) 372. 

Concursion of connahielsoic acid A t4a) into compound 
I8 

Cannahiclsoic acid (I30 mg) was heated and distilled 
over a period of 1 h at I9tY (0.5 mm). The yellow oil 
obtained (63 mg) showed two main spots on TLC t5OP 
ether in light pctrdeum). On preparative TLC puritication 
(.cW ether in light petroleum) 16 (20 mg) was obtained as 
an oil. v(CCL) 36tKicm-‘; [a]:“” + 94”: NMR (CDCL). 6. 
0.89, 146. I.82 (CH, groups) 2.50 (ZH), 3.M G-H. dd. 
J,, = 6 Hr. J,.. - IO.5 Hz). 4.08 G-H. d. J = 6 Hz). 5.02 
t2H. C-CH,). 6.22 (2H. aromatic). Without further purifi- 
cation. 35 mg of 16 in ethand tS ml) were hydrogenated at 
room pressure with platinium dioxide as catalyst. On 
evaporation of the solvent. 17 was obtained as an oil, 
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G(CDCI,). 0.90.0.95 (d. J = 6 Hz). 1.45 (CH, groups). 2.50 
(2H). 3.10 (C.-H. dd. J,., = 5.5Hz. I,.. - 9.5 Hz). 4.05 
(C-H). d. J = 5.5 Hz). 6.16. 6.30 (aromatic HI Without 
ittAt& p&fication 13 was dehydrated by dissoving in 
pyridinc (0.5 ml). cooling to 0”. addition of thionyl 
chloride (2 drops) and addition of ice after I min. The 
mixture obtained was purified by preparative TLC (elu- 
tion with 5% etha in light pctrokum. 3 runs R, 0.5) to 
yield 18. 12 m8. identical to the product obtained from 
olivctyCpincnc (19) by heating with silver nitrate or 
irradiation (Gde infro). TIK comparisons were pcrformad 
by TLC, G1.C. IR and NMR. 

Izomtrizofion of I9 to 18 
1. By hearing. Olivctyl-pincnc, [a]:;‘” - 8f”. (370 mg) 

and silver nitrate (100 rng) in abs EtOH (30 ml) or benzene 
wcrc boiled under rcllux for 3 h. The solvent was 
evaporated. ?hc residue was taken up in benzene and 
purified by prcparativc TLC (clution with 10% ether in 
light petroleum). Compound 18 has [u]F~ + 71”: A!? 
220. 275.284 rnr (c. 12500. IOOO. 1043); NMR (in CCL). 6. 
0.90. 0.94 (d. J = 6Hz). I.85 (CH, groups). 2.42 (2H. 0, 
3.05 (G-H. q. J,, = 6 Hz, J,A - 9Hz). 4.56 (CrH. d. 
J - 6 Hz). 5.10 (OH). 568 (C.-H. br). 595.6.10 (aromatic 
H); mol.‘&& (n&s s&&urn 3lr); (Found: c. 80.50; 
H. 9.42. C,,H& rcquircs: C, 80.21; H, 9.62%). 

2. By irrodicrfion A soln of olivctyCpincnc (0.55~) in 
CH,OH (150 ml) stirred with a magnetic stirrer under NI 
was irradiated with a Q 81-Hanau lamp through a quartz 
glass and corcx Alter for 24 h. The rrsiduc from the 
irradiation was chromatographcd on Flaisil(50 g) and the 
fractions which wcrc washed with light pctrokum and 1% 
ether in light petroleum (180 mg) were further scparatcd 
on preparative TLC plates. The plates were clutcd by a 
mixture of IO% ether in light pctrdcum (3 succasivc 
runs). The least polar fraction (50 mg) was shown to bc 
identical with 18 (TLC. VPC. IR and NMR). It is 
interesting to note that under the same conditions the R, 
on TLC is identical with that of the natural product 
cannahicyclol. while its retention time on GLC is identical 
with that of the starting matcnal. 

Irradiation o/ cannobidiolic acid methyl ester (I b) 
This reaction wns performed on I8 lb exactly as 

dcscribcd for la. The following compounds (or mixtures) 
were obtained after chromatography on preparative TLC 
(20% ether in light petroleum ,2 runs): A mixture (48 mg) of 
7. 8 and the unknown material (compound X) mentioned 
previously (R, 0.95); starting material (90 mg) (RI 0.92); (RI 

0.92); compound 9g) (R, 0.55); compound 10 (IHO mg) (R, 
0.47): compound 6b (75 mg) (R. 0.35); compound 4b 
(134 mg) CR, 0.24). 

Oxidofion of cannobidiolic acid methyl tsfer (lb) with 
MnO, and/or 0: 

A suspension of lb (700 mg) and freshly prepared 
.WnO,” (I I g) in chloroform (100 ml) wcrc boiled for 25 h. 
During the reaction (after 6 h) additional 5 g MnO, were 
added. ‘The mixture was cookd. filtered and evaporated. 
The following ccwnpounds were iwlatcd aftcr chromatog- 
raphy (as described above): starting material (70 mg). 4b 
(60 mg). the isomcric 6b (35 ntg) and a mixture (336 n@ of 
7a. 8 and the previously mentioned unidentified product 
X. Compounds 7a and 8 represent lm and 17% rcspcc- 
tivcly of this mlxturc. 

The above reaction was repeated (for II h) in the 
ahscnce of manganese dioxide. 0: being bubbkd through 

the soln prior to the reaction. which was conducted under 
an 0, atmosphcrc. The foUowing compounds wcrc idcn- 
tificd (prcparativc TLC): compound 7a (I .5%). compound 
8 (1.5%). compound X (7%). starting material (20%). com- 
pounds&and 9 togaher (21%) and compounds 6b and 10 

togcthcr (16%). 
The above reaction was repeated (foe I h) in the 

prcscncc of MnO, (7.50): 0, was bubhkd through the 
soln prior to the reaction. which was conducted under an 
0, atmosphcrc. The following compounds were idcntifiul 
(preparative TLC): compound 7~ (4%). compound 8 (4%). 
compound X (30%). compounds 4b and 9 logcthcr (20%) 
and compounds (b and IO together (14%E). 

Compounds 4b and 6b (50 mg each) were found to IX 
stable to mangancsc dioxide UCKI mg) (hiline under rcflux 
in CHCI, for 13 h). 

7’hermd rnormtnr of cMnobidiolic acid (la) und irs 
mrrhyl csrer (lb) 

Cannabldidic acid la (100 mg) was boiled in different 
solvents (50 ml) for 2 h under N,. The following results 
were obtaincd: mcthyknc chloride. CHCI, or 
tctrdhydrofuran-no change; benzene or tolucn+partid 
dccarboxylation to cannabidid: xyknc or ndibutyl 
cthcr-full dccarboxylation to csnnabidiol. When lb 
(150 mg) in CHCI, (I5 ml) was boikd for 5 h (air not 
cxclu&d) compounds 7a and 8 wcrc formed in 2-3s 
yields. When the boiling was continued for 44 h 4b and 6b 
were formed (TLC) in addition to 7a and 8. Most of the 
starting material (80%) was rccovcrcd unchanged. 

Eflecrs of various paramerers on rhe oxidorivz cyclization 
of la or lb 

Lighr. Cannabidiolic acid la (50 mg) in cyclohcxanc. 
96% EtOH or abs EtOH (6 ml) in closed Pyrex tccl lubes 
were placed in the sun (2t&?5”) and on a laborarory bench. 
Half of the test tubes were well prokctcd with Al foil. 
After a week rhc test tubes were opcncd. The contents of 
the protected tcsl tubc$ were unchanged (TIC. G1.C. 
KI-starch lest). The material in the non-prolwtcd test 
tubes was found to have produced the 8 compounds dc- 
scnbcd in the irradiation rcacticm. 

Oxygen. A soln of la (40~) in cyclohcxanc was 
frcczcd in liquid NI and the gas content of rhc ampule was 
evacuated (oil pump. 0.1 ml Hg). nK soln was Ihawed and 
evacuated again. This freeze-thaw cycle was rcpcatcd 4 
times. A scaled ampuk thus treated was irradiated; a 
second one was left in the sun for a week. When opcncd 
neither soln had changed. Controls (not under vacuum) 
gave rhc 8 compounds discussed previously (T1.C. G1.C. 

KI-starch test). 
Singler oxygen. Compound lb 8avc no 4b.6b. 9 and IO 

when reacted with singlet oxygen prepared from H?O, and 
N&Cl or Ca(OCI),. As contrds. sir&t oxygen reactions 
described in the literature” ccxlld be reproduced. 
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